Aims: Increasing evidence indicates that neuroinflammatory and oxidative stress play two pivotal roles in cognitive impairment after surgery. Honokiol (HNK), as an activator of Sirtuin3 (SIRT3), has potential multiple biological functions. The aim of these experiments is to evaluate the effects of HNK on surgery/anesthesia-induced cognitive decline in mice. 
disorders such as Parkinson's disease (PD), Alzheimer's disease (AD, and multiple sclerosis (MS). [3] [4] [5] [6] An accumulating body of studies indicated that using some anti-inflammatory or antioxidant interventions, such as anti-TNF antibody, aspirin-triggered resolvin D1
(AT-RvD1) or resveratrol, could inhibit the neuroinflammation and oxidative stress in the models of surgical trauma or neurodegenerative diseases. [7] [8] [9] Actually, surgery/anesthesia exposure could alter the normal dynamics of both neuroinflammation and oxidative stress simultaneously, leading to an unhealthy state for the brain and cognitive dysfunction. Ren et.al found that surgery plus isoflurane could induce postoperative delirium and associated biochemical/cellular changes in mice. 10 Surgery/anesthesia exposure model is closer to clinic practice. However, the underlying mechanisms of neuroinflammation and oxidative stress on postoperative cognitive impairment remain still unclear.
Sirtuin3(SIRT3)is a class III histone deacetylase (HDAC) and a part of sirtuin gene family predominantly located in mitochondria, which expresses in a variety of tissues and is highly expressed in the brain. 11 Recent studies showed that SIRT3 exhibits mighty deacetylase activity and is the key regulator in organ protection under many pathologic states including inflammatory and oxidative stress, acting pivotal roles in development and progression of metabolic diseases including diabetes, neurodegenerative disorders, and other diseases. anti-oxidative activities in vivo and in vitro. [16] [17] [18] [19] [20] [21] As a potent reactive oxygen species (ROS) scavenger, it is also reported that HNK can enhance the overexpression of SIRT3 to improve antioxidant activity and mitochondrial energy regulation thereby reducing the levels of Aβ and sAPPβ in Chinese Hamster Ovarian (CHO) cells.
22
Additionally, Xian et al suggested that HNK could improve learning and memory impairments induced by scopolamine in mice and attenuate the concentration of prostaglandin E2 and cyclooxygenase-2 level and the neuroinflammatory processes.
23
Therefore, the primary aims of our studies are to investigate the neuroprotection of honokiol in mice following surgery/anesthesia and role of SIRT3 signaling pathway in neuroinflammatory process and oxidative stress.
| MATERIAL S AND ME THODS

| Animals
Adult female C57BL/6 J mice (4 months old, weighing 20-25 g) were purchased from the Beijing Vital River Laboratory. All mice were housed under a 12-h/12-h light/dark cycle at 25°C, 60% ± 10% humidity with free access to food and water. All the animals were handled carefully according Animal Ethics Committee of Wuhan University Zhongnan Hospital (Hubei, China). Before the initiation of experiments, all mice were familiar with the laboratory environment for at least 7 days.
| Experimental group and treatment
All mice were randomly divided into the following groups (n = 12 
| Anesthesia and surgery
The surgical operation was a laparotomy under general anesthesia.
Briefly, animals were inducted with 5% sevoflurane and maintained with 3% sevoflurane carried by 5 L/min oxygen. Using an anesthesia gas monitor (Draeger Medical GmbH, Lübeck, Germany), the concentration levels of sevoflurane and carbon dioxide were continuously observed to avoid carbon dioxide retention and deep anesthesia. During the operation, mice kept spontaneous respiration.
A 3-cm midline abdominal incision was made, and the abdominal organs were explored gently with sterilize gauze. Then the incision was closed by 9/0 Prolene sutures (Ethicon, New Brunswick, NJ, USA).
About 0.2% lidocaine solution was applied for postoperative analgesia. All processes lasted approximately 40 minutes. And the rats' body temperature kept at ~37˚C during the surgery using a heat pad.
Mice without surgical operation served as the controls.
| Open field test
The open field test (OFT) is a classical method to investigate exploratory behaviors and spontaneous motor activity. The OFT was carried out in a quiet and dim light environment. Each mouse was gently put into the new experimental environment and familiarizes themselves with circumstance for 10 minutes before the test was begun. 
| Contextual fear conditioning test
| Apoptosis detection in hippocampus
After behavioral tests, mice were anesthetized with pentobarbital sodium (50 mg/kg) and perfused transcardially with 40 mL normal saline, followed by 4% paraformaldehyde. Then, the fixed brain was 
| Immunohistochemistry
Hippocampus tissues sections from the brain were collected, and SIRT3 immunoreactivity was evaluated by immunohistochemical assay on formalin-fixed paraffin-embedded sections. Hippocampus tissue histology was assessed by immunohistochemistry with primary antibodies against SIRT3 under light microscopy. Three different sections from each group were examined at least.
| MDA assay
The malondialdehyde (MDA) level was detected using commercially available MDA kits following the manufacturer's instructions (Jiancheng, Nanjing, China).
| Western blot analysis
Hippocampal tissues were acquired, and protein extractions were (1:500; Abcam), SOD2 (1:1000; Abcam) and GAPDH(1:400, abcam) overnight at 4°C with shaking. Then, the membranes were washed in TBST and exposed to the corresponding secondary horseradish peroxidase-conjugated goat anti-rabbit IgG (1:2000, Santa Cruz, CA, USA) for 1.5 hour at room temperature. After washed three times, the membranes were detected using an enhanced chemiluminescence reagent kit (Aspen, Wuhan, China). All bands were scanned, and the gray values were determined was analyzed using image analysis software (AlphaEaseFC software; Alpha Innotech, Saint leonardo, CA, USA) and normalized to GAPDH.
| Isolation of mitochondria from hippocampus
Utilizing a tissue mitochondria isolation kit (Beyotime, China), the intact mitochondria of hippocampal region were isolated from fresh brain. Briefly, after homogenization of hippocampus tissue in icecold buffer provided in the kit, the homogenate was centrifuged at 6000 g at 4°C for 5 minutes. The collected supernatant was further centrifuged at 11 000 g at 4°C for 10 minutes to obtain a mitochondrial pellet. Then, the pellet was collected as mitochondria and suspended in mitochondrial storage fluid provided in the kit. 
| Mitochondrial membrane potential and mitochondrial ROS assay
According to the manufacturer's instructions, changes in mitochondrial membrane potential (Δ ) were measured using a JC-1 mitochondrial membrane potential assay kit (Beyotime, China).
At brief, isolated mitochondria were suspended in 0.5 mL me- Using a ROS assay kit (Genmed Scientifics, Shanghai, China), mitochondrial ROS was detected in each sample.
| Statistical analysis
All data are expressed as mean±standard error of the mean (SEM).
Statistical analysis of differences between groups was performed by using one-way ANOVA followed by a SNK test for post hoc comparisons. All analyses were performed by utilizing GraphPad Prism 5
(GraphPad, San Diego, CA), P < 0.05 were considered to be statistically significant.
| RE SULTS
| The outcomes of open field test and fear conditioning test
Based on our pre-experiments, we found that HNK or 3-TYP pretreatment alone did not change the cognitive function of the control mice. Furthermore, HNK or 3-TYP did not significantly influence markers of neuroinflammation and oxidative stress compared with those results of the control group (As shown in Figures S1-S3 ).
Previous studies showed that surgery/anesthesia could lead to behavioral and cognitive disability at early stage in mice. 24, 25 To evaluate whether HNK ip can suppress the memory and cognitive damage in surgical stressed mice, OFT and contextual FCT were performed as described above. 3-TYP, a selective SIRT3 inhibitor, was utilized to assay the necessity of the SIRT3 signaling pathway in neuroprotection of HNK.
As shown in Figure 2C FCT were employed after each test phase of the open field tests on postoperative 1 and 3 days. In the training phase of fear conditioning, the freezing time had no obviously differences among the groups, showing that the baseline learning and memory properties among these groups were related equal.
As shown in Figure 2A ,D, we identified that surgery could notably decrease the freezing time compared with control group on postoperative 1 and 3 days (P < 0.05). HNK treatment enhanced the recovery of learning and memory, as confirmed by increased freezing time in the HNK-treated group compared with surgery group.
Treatment with 3-TYP removed the neuroprotection of HNK by reducing the freezing time in context fear test on 1 and 3 days after surgery operation (P < 0.05).
| Neuronal apoptosis of hippocampus
To investigate the neuronal damaged situation and the potential mechanism of cognitive decline induced by surgical stress, mice killed at 1 day postoperation and the neuronal apoptosis in the hippocampal CA1 and CA3 region were observed. As shown in Figure 3 , 
| Oxidative stress and mitochondrial impairment
Oxidative stress and mitochondrial impairment were also critical factors of postoperative cognitive decline. So we examined related indicators in hippocampus of mice who received above treatment. As shown in Figure 6 , compared with control group, surgical trauma-induced oxidative stress in hippocampus was accompanied with increased mitochondrial ROS and MDA content and decreased mitochondrial membrane potential (Δ ) (P < 0.05). And these changes were reversed by HNK treatment, suggesting its anti-oxidative capacity (P < 0.05). Cytochrome C is a critical component of the electron transport chain. The increased level of cytochrome C is the result of releasing Cytochrome C from mitochondria to the cytosol, indicating that the integrity of mitochondria is damaged. Our data demonstrated that surgery/anesthesia treatment significantly increased Cytochrome C expression in cytosol (P < 0.05). Compared with the surgery+vehicle group, HNK reduced Cytochrome C expression, indicating that HNK presents therapeutic effects in maintaining the integrity of mitochondria (P < 0.05). However, HNK-induced reductions in mtROS, cytochrome C, and MDA content were largely eradicated by 3-TYP treatment at postoperative 1 day (P < 0.05).
The increased anti-oxidative capacity (the level of mitochondrial membrane potential) induced by HNK was also inhibited by 3-TYP treatment.
| Effects of honokiol on SIRT3/SOD2 signaling pathway
The results of the immunohistochemical assay at postoperative 1 and 3 days showed that SIRT3 immunoreactivity had significantly difference among different groups. Compared to control group, cells positively immunostained for SIRT3 were markedly downregulated in the surgery/anesthesia group (P < 0.05, Figure 7 ). HNK treatment improved the positive cells number compared with surgery group.
And 3-TYP treatment eliminated this phenomenon.
As shown in Figure 8 
| D ISCUSS I ON
The aim of the current study was to explore the neuroprotective role delirium. [41] [42] [43] Mitochondrion is recognized to be the major source of intracellular ROS and plays a fundamental role in redox modulation. 44 Increased ROS can be generated by an imbalance between the production of oxygen containing free radicals (ROS, superoxide anion, hydroxyl radicals, and hydrogen peroxide) and their elimination. 45, 46 Overproduction of ROS leads to deficits in mitochondrial membrane integrity, damage to the mitochondrial respiratory chain and lipid peroxidation. Furthermore, injured mitochondria are dysfunctional and further generate free radicals, thus leading a "vicious cycle". [47] [48] [49] In our studies, exploratory laparotomy disrupted the mitochondrial redox homeostasis and broke the mitochondrial membrane integrity and increased lipid peroxidation in hippocampus, as confirmed by increased mtROS and MDA content, decreased mitochondrial membrane potential (Δ ), and increased level of cytochrome C from mitochondria to the cytosol. These results can also be observed in a large number of brain disorders, including stroke, traumatic brain injury, psychiatric disorders, and sepsis-associated encephalopathy as well as AD, PD, and other neurodegenerative diseases. [50] [51] [52] SIRT3 is the one member of the sirtuin family that exhibits deacetylase activity and is mainly localized to the mitochondria.
Regarding to oxidative stress, SIRT3 mainly regulates mitochondrial ROS levels by deacetylating SOD2 and has a positive role in several neurological disorders, including AD, PD and Huntington's disease. [53] [54] [55] [56] And with the downregulated of oxidative stress, the inflammatory and related cytokines can also be normalized. Second, in current studies, our just tested the surgery/anesthesiainduced neuroinflammatory and oxidative stress in hippocampus of mice, but other region in brain (such as prefrontal cortex) and systemic inflammation was not investigated. What's more, several studies showed that SIRT3 could activate autophagy through the LKB1-AMPK-mTOR pathway and then protect rotenone-induced injury in SH-SY5Y cells. 64 In addition, SIRT3 can directly blunt the assembly and activation of NLRP3 inflammasome. 65 And these downstream moleculars of SIRT3/SOD2 pathway and the changes of mitochondrial dynamic that may influence the cognitive levels were valued to be investigated in the future. Third, we just observed the cognitive outcomes at postoperative 1 and 3 days.
The related index at postoperative 7 or 14 days is required further investigation and may more valuable. Forth, because of lack of the SIRT3 knockout mice, we cannot make sure that HNK only activate the SIRT3 pathway; however, many studies had shown its capacity of upregulated SIRT3. Additionally, on the account of the expensive cost and long cultivation cycles, we employed only adult female mice in our studies and eliminated the possible interspecies differences.
| CON CLUS IONS
Taken together, our result indicated that HNK effectively ameliorates surgery/anesthesia-induced cognitive declinet in mice through activating SIRT3 regulation of mitochondrial dysfunction and neuroinflammatory. The proposed mechanisms of HNK neuroprotection are summarized in Figure 9 .
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